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ABSTRACT. Despite profuse ﬂowering, ‘Hass’ avocado (Persea americana Mill.) yields are low because of excessive 
ﬂower and fruit abscission. Whether the dynamics of ﬂower and fruit abscission are inﬂuenced by or contribute to 
alternate bearing, the production of a heavy on-crop followed by a light off-crop that is characteristic of many 
avocado cultivars, remains unresolved. The objective of this research was to determine whether abscission of 
reproductive structures from ‘Hass’ avocado trees during speciﬁc developmental stages, including ﬂowering, fruit 
development, and fruit maturity, was inﬂuenced by crop status of the current or preceding year. Abscised 
reproductive structures were collected from commercially bearing trees during two complete crop years. Flower 
abscission began at about the same time but peaked 1 month later in the off-crop year compared with the on-crop 
year. Peak abscission rates were lower during the off-crop year than the on-crop year (compare 1836 ± 403 to 5378 ± 
856 ﬂowers per day and 50 ± 18 to 280 ± 23 immature fruit per day, respectively). The off- or on-crop status of the tree 
did not inﬂuence the percentage fruit set, average fruit diameter, or biomass of individual fruit that abscised at similar 
phenological stages. Furthermore, ﬂower and fruit abscission were not inﬂuenced by the number of mature fruit from 
the previous year’s crop. In both years of the research, as immature fruit abscission declined, abscission of the 
preceding year’s crop increased, indicating that the processes were controlled independently. During the study, 
neither weather conditions nor tree nutrient status were associated with key abscission events. Taken together, these 
results provide evidence that the previous year’s yield does not inﬂuence ﬂower or fruit abscission and the seasonal 
abscission of reproductive structures is an independent process that does not contribute to alternate bearing of 
‘Hass’ avocado. 
Despite a theoretical capacity of 32.5 t�ha–1 of fruit with Takahashi, 1990; Lahav and Zamet, 1975; Slabbert, 1981) 
17% oil content (Wolstenholme, 1986), the 10-year worldwide where thousands of fruit have been reported to abscise per tree 
average avocado yield from 1993 to 2002 was only 8.7 t�ha–1 in a single season (Lahav and Zamet, 1975; Slabbert, 1981). 
(Avocadosource.com, 2003). Studies have demonstrated that Researchers report that most fruit abscission occurs within a 
increased ﬂower and fruit abscission can occur as a result of few months of the end of bloom, with high rates of fruit abscis­
numerous factors, including temperature extremes, nutritional sion in the spring and summer followed by gradually declining 
deﬁciencies, and genetic factors. Even with optimal conditions, rates of fruit abscission and negligible abscission through the 
avocado ﬂower and fruit abscission is still excessive. Avocado fall as developing fruit approached maturity (Adato and Gazit, 
trees are physiologically capable of bearing larger crops. 1977; Lahav and Zamet, 1975; Perez et al., 1988). Final whole-
Low yields are not the result of poor ﬂowering. The avocado tree fruit set ranges from a low of 0.001% for ‘Bacon’ trees in 
ﬂowers profusely. For example, researchers in California found Japan (Inoue and Takahashi, 1990) to a high of 0.07% for 
an average of 113 ﬂowers per inﬂorescence (Salazar-Garcı´a and California ‘Fuerte’ trees (Cameron et al., 1952), though the in-
Lovatt, 1998) and two to 13 ﬂoral shoots per 1-m branch every tensity, timing, and longevity of the abscission periods varies 
year (Salazar-Garcı´a et al., 1998). In the few studies designed to with cultivar and location. Taken together, these studies 
quantify ﬂower abscission on a whole-tree basis, researchers indicate that avocado ﬂower and fruit abscission are excessive. 
found that individual avocado trees can lose tens of thousands Clearly, a strategy to reduce the abscission of reproductive 
(Inoue and Takahashi, 1990) or even hundreds of thousands structures would increase avocado yield. 
(Cameron et al., 1952; Lahav and Zamet, 1975; Slabbert, 1981) The reproductive phenology of many avocado cultivars, 
of ﬂowers in a single season. In addition to signiﬁcant ﬂower including ‘Hass’, is further characterized by alternate bearing. 
loss, many avocado cultivars are also characterized by high Alternate bearing is a seasonal cycle of heavy ‘‘on’’ and light 
rates of immature fruit abscission (Davenport, 1982; Inoue and ‘‘off’’ crops, triggered initially by conditions that result in 
extremely low or high ﬂower production, fruit set, or yield 
(reviewed in Monselise and Goldschmidt, 1982). Alternate 
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harvests did not stabilize yields of orchards already alternate 
bearing (Whiley et al., 1996a). Monselise and Goldschmidt 
(1982) state that on-year crops limit resources, possibly in­
creasing fruit abscission rates of a developing crop. A causal 
relationship between resource availability and fruit abscission 
has not been demonstrated for avocado. 
Low yield of the avocado is the result of a series of 
abscission events that occur throughout reproductive develop­
ment. Determination of abscission-sensitive stages during 
reproductive development is prerequisite to research into the 
physiological basis underlying this low yield and the develop­
ment of agricultural strategies to increase yield and grower 
proﬁt by retention of reproductive structures. Furthermore, 
resolution of the role that the off- and on-crop status of the trees 
plays in ﬂower and fruit abscission is key to developing 
strategies to mitigate alternate bearing of ‘Hass’ avocado. 
Therefore, this study was conducted to identify abscission-
sensitive stage(s) of ‘Hass’ avocado reproductive development 
and to quantify the impact of the off- and on-crop status of the 
trees on these abscission events. 
Materials and Methods 
FIELD CONDITIONS. Ten commercially bearing 6-year-old 
‘Hass’ avocado trees on Mexican race rootstocks in an orchard 
in Carpinteria, California (lat. 34�23#N, long. 119�29#W) were 
selected for uniform health, size, and vigor. A net (37.2 m2 from 
73% black shade cloth) was installed under each data tree. The 
net area exceeded the canopy area, allowing for the capture of 
all abscised structures. Furthermore, neighboring trees did not 
have branches that extended into the canopy of data trees. Data 
trees were subject to the same standard cultural practices as the 
remaining orchard trees, including limited winter top and side 
pruning. Throughout the study period, irrigation scheduling 
was based on evaluation by the hand-feel method of soil 
samples collected from the root zone at a depth of 61 cm. 
Estimated soil moisture deﬁcit did not exceed 50% throughout 
the study. Honeybees were active in the orchard during each 
bloom period. 
SAMPLE COLLECTION, PROCESSING, AND ANALYSIS. The exper­
iment was initiated during bloom and continued for three 
consecutive 18-month crop years until the ﬁnal harvest. On 
each collection date, trees were shaken gently to dislodge all 
abscised ﬂowers and fruit from the canopy into nets. Pre­
liminary experiments demonstrated that this procedure 
removed abscised and abscising fruit without breaking intact 
pedicels. All nets were emptied with hand brooms and dustpans 
about weekly during major periods of ﬂower and immature fruit 
abscission in spring and summer and biweekly thereafter. 
Collections began on 27 June of Year 1 and continued until 
28 Sept. of Year 3, for a total of 76 collection dates. 
Samples were stored in sealed plastic bags in a refrigerator to 
prevent water loss before analysis. The total ﬂower number per 
sample was estimated by weighing a random subsample of 
50 ﬂowers. Fruit greater than 2 mm in diameter was counted 
individually. The rates of ﬂower and fruit abscission were 
calculated by dividing the number of each organ collected by 
the number of days between collection dates. The equatorial 
diameter and mass were determined for up to 25 randomly 
selected fruit per sample. 
In a separate experiment conducted in this orchard, random 
samples of ﬁve fruit picked over time met or exceeded the 
minimum maturity standard (21.2% dry matter/fruit) by March 
of each of the two crop years. Therefore, in analyzing 
abscission data, fruit that abscised before March were consid­
ered immature fruit, whereas those that abscised during or after 
March were considered mature. 
Yield was signiﬁcantly higher in the ﬁrst and third crop years 
(67.05 ± 7.83 kg per tree and 85.30 ± 13.44 kg per tree, 
respectively) than in the second year (12.88 ± 3.38 kg per tree) 
and there was no signiﬁcant difference in yield between the ﬁrst 
and third year (a = 0.05 for the family of comparisons). Thus, 
Years 1 and 3 were on-crop years and Year 2 was an off-crop 
year. Although two trees each had a low yield during one on-
crop year, neither appeared to be on a different alternate bearing 
cycle. As collections did not begin until part way through 
ﬂower and immature fruit abscission of Year 1, analysis of 
abscission data focused on the second and third crop years, 
hereafter referred to as the off-crop year and on-crop year, 
respectively. Patterns of ﬂower and fruit abscission for Year 1 
(data not shown) were generally consistent with that of the on-
crop year reported herein. 
TREE NUTRIENT STATUS. Twenty leaves from hardened, non­
ﬂowering, terminal spring vegetative growth were collected 
from all trees at a height of 1.5 m between 15 Aug. and 15 Sept. 
of each year of the study, and were washed, oven-dried to a 
constant mass (Embleton et al., 1973), and sent to Albion 
Laboratories, Inc. (Clearﬁeld, UT) for mineral nutrient analy­
sis. Samples ground to pass through a 40-mesh screen were 
combusted at 1350 �C and carbon, nitrogen, and sulfur were 
determined by thermal conductivity using a Leco Elemental 
Analyzer (CNS-200; Leco Corp., St. Joseph, MI). To determine 
phosphorous, potassium, Mg, Ca, Fe, Mn, B, Cu, and Zn 
concentrations, ground subsamples were ashed at 550 �C, 
dissolved with 10% HCl, and analyzed using an inductively 
coupled plasma emission spectroscope (Accuris; Fisons Instru­
ments, Beverly, MA). NO3-N was extracted in deionized water, 
reacted with cadmium, and analyzed at 410 nm with a Hewlett-
Packard ultraviolet-visible spectrophotometer (model 8453; 
Agilent Technologies, Santa Clara, CA). 
WEATHER CONDITIONS. Weather data for the period of the 
study was downloaded from the California Irrigation Manage­
ment Information System (CIMIS) website (California Depart­
ment of Water Resources, 2003). Daily wind speed, 
precipitation, solar radiation, and maximum, minimum, and 
average air temperatures were obtained from the closest coastal 
station, Santa Barbara #107 (lat. 34�26#N, long. 119�44#W, 
elevation 76 m). CIMIS quality control criteria and compar­
isons with data from the National Climatic Data Center 
(NCDC) Santa Barbara Station [COOP ID 047902; lat. 
34�25#N, long. 119�41#W, elevation 2 m (National Oceanic 
Atmospheric Administration, 2003)] were used to validate the 
data. 
HARVESTS. At harvest in October of each year, yield (kilo­
gram/tree) and mass of 100 randomly selected fruit were 
determined and used to calculate the total number of fruit per 
tree and pack-out (i.e., kilograms fruit of each packing carton 
size per tree). The following packing carton sizes (grams per 
fruit) were used: size 84 (99–134 g), size 70 (135–177 g), size 
60 (178–212 g), size 48 (213–269 g), size 40 (270–325 g), size 
36 (326–354 g), and size 32 (355–397 g). 
To express the degree of alternate bearing, the alternate 
bearing index (ABI) was calculated for the 2-year period using 
the equation: 
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ABI = ðyieldyear1 � yieldyear2Þ=ðyieldyear1 + yieldyear2Þ; 
in which yield was deﬁned as total kilograms of fruit per tree. 
ABI ranges from 0 (no alternate bearing) to 1 (complete 
alternate bearing) (Pearce and Dobersek-Urbanc, 1967). All 
data trees were alternate bearing, with a mean ABI of 0.70 ± 
0.09. Furthermore, data from Year 1 conﬁrmed that the degree 
of alternate bearing was similar across the three years of the 
study and that the off- or on-crop status of study trees was the 
same within a given crop year. 
STATISTICAL ANALYSES. Mean 
comparisons were conducted using 
paired two-tailed Student’s t tests at 
P # 0.05 or analysis of variance 
(ANOVA) and Tukey’s Studentized 
multiple-comparison procedure 
with a family error rate of a # 
0.05. With the exception of analyses 
of the size of abscised fruit, all 
regression analyses were conducted 
using the least squares method for 
the general linear model. Percent­
age data were normally distributed 
and, therefore, was not transformed 
before analyses. Signiﬁcant linear 
regressions were tested to determine 
if outliers distorted the regression 
lines signiﬁcantly using a method 
described by Neter et al. (1990). If 
regression analyses were not signif­
icant (P > 0.05) upon removal of 
the outlier, the relationship was 
described as not signiﬁcant. Regres­
sions with weather data were based 
on averages of daily weather data 
for the collection date and preced­
ing 6 d. The above-described anal­
yses were conducted using Minitab 
(Minitab Inc., State College, PA). 
Data for the size of abscised fruit 
were analyzed using the nonlinear 
least squares procedure of SAS 
(SAS Institute, Cary, NC). For bio­
mass data this model was quadratic. 
For diameter data, the following 
model for ﬁtting sigmoid data sets 
was used: 
y =  ððb0 �b3Þ=f1 +  ½ðx=b2Þ^b1�gÞ+ b3; 
where b0 = the value of y at the 
beginning of the curve, b3 = the 
value of y at the end of the curve, 
b1 = the value of x at the point 
where y is halfway between b0 and 
b3, and b2 = the slope (Ott, 1993). 
To test if curves were signiﬁcantly 
different, Bonferroni joint conﬁ­
dence intervals for joint estimations 
of regression coefﬁcients were con­
structed using the method described 
by Neter et al., (1990). 
Results 
FLOWER ABSCISION OVER TIME. During both crop years, 
ﬂower abscission began in February and ended in July, with 
more than 75,000 and 339,000 ﬂowers abscised during the off-
and on-crop year, respectively. The abscission rate peaked 
1 month later in the off-crop year compared with the on-crop 
year (2 June and 4 May, respectively) and the number of ﬂowers 
abscised per day was 3-fold lower in the off-crop year than in 
Fig. 1. Number of avocado ﬂowers or immature fruit abscised per day during the off- or on-crop year. (A) Off-crop 
ﬂower abscission, (B) on-crop ﬂower abscission, (C) off-crop immature fruit abscission, and (D) on-crop 
immature fruit abscission. Error bars represent the SE for that collection period. Inset: log fruit abscission rate 
(no./day) versus day of the year. Day of the year: 1 = 1 Jan. of crop year, 366 = 1 Jan. of following year. 
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the on-crop year (1836 ± 403 and 5378 ± 856 ﬂowers per day, 
respectively; Fig. 1A and 1B). The pattern of ﬂower abscission 
was expressed as a cubic function of the day of the year (P # 
0.001) and was similar in the off- and on-crop years (R2 = 0.99 
and 0.98, respectively). Flowers comprised more than 90% of 
the number of reproductive organs abscised during either year 
and this percentage was signiﬁcantly higher during the off-crop 
year compared with the on-crop year (98.07% ± 0.22% and 
94.97% ± 0.66%, respectively; P # 0.01). 
FRUIT ABSCISSION OVER TIME. Fruit abscission began shortly 
after ﬂower abscission started each year (Fig. 1C and 1D). 
During both crop years, fruit abscission rates increased during 
spring and peaked in June (50 ± 18 and 280 ± 23 fruit per day in 
the off- and on-crop years, respec­
tively) about 1 month after peak 
ﬂower abscission. Fruit abscission 
rates then decreased sharply, with 
the rate of abscission approaching 
zero fruit per day during the fall and 
early winter (Fig. 1C and 1D). 
Therefore, the timing of immature 
fruit abscission during the off- and 
on-crop years was similar despite 
differences in the magnitude of the 
number of fruit abscising. The log 
of the number of immature fruit 
abscised per day could be expressed 
as a cubic function of the day of the 
year (P # 0.001), with the off- and 
on-crop years having curves of a 
similar shape and high coefﬁcients 
of multiple determination (R2 = 
0.90 and 0.88, respectively; Fig. 
1C and 1D). When expressed as a 
percentage of the total number of 
reproductive organs abscised, 
immature fruit abscission was sig­
niﬁcantly lower in the off- than in 
the on-crop year (1.92% ± 0.22% 
and 5.02% ± 0.66%, respectively; 
P # 0.01). 
Fruit maturity was reached in 
March, about 1 year after ﬂowering. 
After this point, the rate of mature 
fruit abscission remained extremely 
low throughout the spring and 
summer, irrespective of crop load. 
Mature fruit abscission then in­
creased sharply in the fall, reaching 
a maximum during September, with 
16 and 25 fruit per tree abscising per 
month for the off- and on-crop 
trees, respectively. Neither the 
number nor percentage of mature 
fruit abscised was signiﬁcantly dif­
ferent between crop years (P = 0.05).  
Despite crop-year differences in 
number of fruit abscised per day 
(Fig. 2, left-hand y-axes) and yield, 
the average biomass of individual 
fruit that abscised (Fig. 2, right-
hand y-axes) was consistent (#3 g)  
from bloom through fruit set and then began to increase 
measurably until harvest of the off- and on-crop. There was a 
signiﬁcant quadratic relationship between the biomass of 
abscised fruit and day of the year for both crop years (Fig. 2, 
right-hand y-axes), and the coefﬁcients of these two equations 
were not signiﬁcantly different from one another (a = 0.05 for 
the family of comparisons). Plotting abscised fruit diameter 
versus day of year resulted in sigmoid curves (Fig. 3) that were 
not statistically signiﬁcantly different between off- and on-crop 
years (a = 0.05 for the family of comparisons). Furthermore, 
diameters of abscised fruit from the ﬁnal collection date before 
harvest of each crop year were not signiﬁcantly different 
(P = 0.05). 
Fig. 2. The relationship between the number of avocado fruit abscised per day and the biomass of individual 
abscised fruit during (A) the off-crop year and (B) the on-crop year. 
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Fig. 3. The diameter of individual abscised avocado fruit during (A) the off- and 
(B) on-crop years. Error bars represent the SE for that collection period. Day of 
the year: 1 = 1 Jan. of crop year, 366 = 1 Jan. of following year. 
EFFECT OF ALTERNATE BEARING ON FRUIT SET AND SIZE. 
Percentage fruit set per tree was calculated by dividing the 
number of fruit harvested by the total number of potential 
fruiting points, which was estimated by adding the number of 
abscised ﬂowers and fruit collected to the number of fruit 
harvested. Percentage fruit set in the off- and on-crop years 
(0.07% ± 0.02% and 0.14% ± 0.03%, respectively) was not 
signiﬁcantly different (P = 0.05). Though fewer fruit were 
harvested in the off-crop year, there was a 5% net increase in 
fruit of the commercially desirable large size of 178 to 325 g 
(packing carton sizes 60 to 40) in the off-crop year compared 
with the on-crop year (P # 0.05). 
RELATIONSHIP OF FLOWER AND FRUIT ABSCISSION TO WEATHER 
CONDITIONS. Daily air temperatures and solar radiation did not 
differ signiﬁcantly between the off- and on-crop years during 
ﬂower and immature fruit abscission periods (P = 0.05; Table 
1). During mature fruit abscission, lower rates of solar radiation 
were observed during the on-crop year than for the off-crop 
year (P # 0.001; Table 1). Signiﬁcant relationships between 
daily maximum or minimum air temperatures or levels of solar 
radiation and number of abscised fruit were not detected by 
regression analysis for either crop year (P = 0.05). 
Wind speed and precipitation data were collected to inves­
tigate the possible effects of weather-induced mechanical stress 
on fruit abscission. The wind never reached a speed greater than 
3.7 m�s–1, which is deﬁned as a ‘‘gentle breeze’’ by the Beaufort 
scale of wind speed (Rowlett, 2001). This wind speed is 
unlikely to generate the force required to remove ﬂowers or 
fruit with intact abscission zones from a tree. Thus, statistical 
relationships between wind speed and abscission rates were not 
investigated. There were few incidences of overlap between 
precipitation and major periods of ﬂower and fruit abscission. 
The one instance of substantial rain that occurred concurrently 
with ﬂower and immature fruit abscission (118 mm on 17 Apr. 
of the on-crop year) was not associated with a detectable spike 
in abscission. Precipitation data were not used to make 
inferences about the relationship between water status and 
water availability with ﬂower and fruit abscission because the 
orchard was irrigated as required with respect to soil moisture 
content, thereby preventing water deﬁcit stress during ﬂower 
and immature fruit abscission throughout the study. 
RELATIONSHIP OF FLOWER AND FRUIT ABSCISSION TO LEAF 
NUTRIENT STATUS. There were no signiﬁcant relationships be­
tween measured leaf nutrient concentrations and the number of 
ﬂowers, immature fruit, mature fruit, or total number of 
reproductive structures that abscised (P = 0.05). 
RELATIONSHIP OF FLOWER AND FRUIT ABSCISSION TO FINAL 
YIELD. To investigate possible relationships between yield and 
ﬂower and fruit abscission, linear regressions were conducted 
between the number of ﬂowers, immature fruit, mature fruit, or 
total reproductive structures abscised and harvested fruit 
number (Table 2) for the off- and on-crop years and for the 
2-year cumulative yield. Regressions between the number of 
abscised organs and yield differed between the off- and on-crop 
years in terms of signiﬁcance and direction of the slope. During 
the off-crop year, signiﬁcant positive correlations were detected 
between the number of ﬂowers, mature fruit, or total reproduc­
tive structures abscised and the number of fruit harvested that 
crop year. During the on-crop year, the number of abscised 
mature fruit was signiﬁcantly, negatively correlated with fruit 
biomass at harvest. Cumulative data for the two crop years 
resulted in no signiﬁcant correlations between abscised and 
harvested fruit number. Regression results between biomass of 
Table 1. Daily air temperatures and solar radiation (±SE) recorded during avocado ﬂower, immature fruit, and mature fruit abscission of the 
off- and on-crop years. 
Flower abscission Immature fruit abscission Mature fruit abscission 
Off-crop On-crop Off-crop On-crop Off-crop On-crop 
year year t tests year year t tests year year t tests 
Maximum 
temperature (�C) 19.2 ± 0.3 19.7 ± 0.3 NS 21.0 ± 0.2 20.4 ± 0.2 NS 22.4 ± 0.2 21.3 ± 0.2 ** 
Minimum 
temperature (�C) 9.7 ± 0.2 10.1 ± 0.2 NS 10.8 ± 0.2 10.4 ± 0.2 NS 12.5 ± 0.2 12.5 ± 0.2 NS 
Solar 
radiation (W�m–2) 260 ± 6 258 ± 8 NS 214 ± 5 209 ± 5 NS 273 ± 5 245 ± 6 *** 
NS,**,***Nonsigniﬁcant or signiﬁcant at P # 0.01 or 0.001, respectively. 
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abscised organs and yield (kilogram/tree) were the same as 
those for number of abscised reproductive structures. 
RELATIONSHIP BETWEEN THE PRECEDING YEAR’S CROP AND THE 
CURRENT BLOOM. Abscission of ﬂowers and immature fruit of the 
current year occurred as mature fruit from the preceding crop 
year continued to develop on the trees. Therefore, regression 
analyses were conducted between number of organs abscised 
and yield of the preceding year. When the previous year’s crop 
was an ‘‘on’’ crop, there was a weak but signiﬁcant negative 
correlation between the ‘‘on’’ yield and the ﬂower abscission 
rate of the current ‘‘off’’ bloom, whereas the correlation be­
tween the preceding crop year’s ‘‘off’’ yield and ﬂower abscis­
sion rate of the current on-crop was positive (Table 3). 
Regression analyses indicated that there were no signiﬁcant 
relationships between the number of abscised ﬂowers and 
immature fruit and the number of abscised mature fruit of the 
preceding year’s crop (data not shown). However, immature 
fruit abscission declined during the off- and on-crop years at the 
time that abscission of mature fruit of the preceding year’s crop 
increased (Fig. 4). 
Discussion 
Flower and fruit abscission of ﬂowering tree species are 
often characterized as occurring during ﬂower drop, early fruit 
drop, ‘‘June’’ drop, and ‘‘pre-harvest’’ drop; the results of this 
study indicate that ‘Hass’ avocado ﬁts this model of distinct 
periods of abscission. The timing of abscission in this study was 
generally consistent with that observed among other cultivars 
and in other countries, with heavy ﬂower and fruit abscission 
occurring during the spring and summer (Davenport, 1982; 
Demirkol, 2002; Falca˜o et al., 2001; Kaiser and Wolstenholme, 
1993; Levin, 1981; Robinson et al., 2002; Scholeﬁeld et al., 
1985). 
Table 2. The signiﬁcance of linear regressions between the number of 
avocado reproductive structures abscised each crop year and the 
ﬁnal number of fruit harvested. 
Off-crop year On-crop year 
Structure abscised P r2 Slopez P r2 Slope 
Flowers *** 0.74 + NS 
Immature fruit NS NS 
Mature fruit ** 0.70 + ** 0.67 – 
Total ﬂowers 
and fruit *** 0.74 + NS 
z+,– represents a positive or negative slope, respectively. 
NS,**,***Nonsigniﬁcant or signiﬁcant at P # 0.01 or 0.001, respectively. 
Table 3. The signiﬁcance of linear regressions between the preceding 
year’s on or off avocado yield and the number of reproductive 
structures abscised during the current crop year. 
Subsequent year’s Preceding year’s yield (no./tree) 
abscised structure On-crop Off-crop 
(no./tree) P r2 Slopez P r2 Slope 
Flowers * 0.43 – * 0.57 + 
Immature fruit * 0.41 – NS 
Total ﬂowers 
and fruit * 0.43 – * 0.57 + 
z+,– represents positive or negative slope, respectively. 
NS,*Nonsigniﬁcant or signiﬁcant at P # 0.05, respectively. 
The severity of alternate bearing was consistent with that of 
the California avocado industry (Lovatt, 2003). Mathematical 
relationships between ﬂower or immature fruit abscission and 
the day of year were similar during off- and on-crop years, 
despite differences in the number and total mass of reproductive 
structures abscised. Key stages or periods in the phenology of 
reproductive structure abscission were identiﬁed and typically 
occurred independent of the off- or on-crop status of the trees. 
Flower abscission began immediately after the start of ﬂower 
opening (February) and peaked at about the same time as full 
bloom (June and May of the off- and on-crop years, respec­
tively). Interestingly, immature fruit abscission also began 
shortly after ﬂowering and peaked �1 month after bloom 
abscission peaked. Other studies have demonstrated that most 
avocado fruit abscise within a few months of the end of the 
bloom, followed by a gradually declining rate of fruit abscis­
sion, with fruit abscission ceasing in October (Adato and Gazit, 
1977; Perez et al., 1988). In the study reported herein, sub­
stantial fruit abscission continued for several months after 
ﬂower abscission ended, continuing until September of both 
crop years. The off- or on-crop status of the trees did not have 
a signiﬁcant effect on the size of fruit abscised at a given time 
of the crop year, suggesting that fruit abscission was the result 
of physiological or genetic factors independent of crop load. 
Regardless of the off- or on-crop status of the trees, fruit 
reached maturity in March, �1 year after bloom began, but 
abscission of mature fruit did not begin until the fall. 
Not surprisingly, the signiﬁcantly larger number of ﬂowers 
produced during the on-bloom resulted in higher rates of ﬂower 
and immature fruit abscission during the on-crop year than the 
off-crop year. Although increasing pollination and fertilization 
rates might decrease ﬂower abscission rates, a sizeable number 
of immature fruit abscised after early fruit abscission of the off-
and on-crop years, suggesting that June drop might be the most 
critical and efﬁcient time to target ‘Hass’ avocado with strat­
egies designed to increase ﬁnal fruit set. In contrast, the number 
of mature fruit abscised did not vary with alternate bearing, 
suggesting that different mechanisms are responsible for 
abscission of immature versus mature fruit. Other researchers 
have reported large seasonal losses with tens to hundreds of 
thousands of ﬂowers and hundreds to tens of thousands of fruit 
abscised (Cameron et al., 1952; Inoue and Takahashi, 1990; 
Lahav and Zamet, 1975; Slabbert, 1981). The present research 
is one of the few studies to speciﬁcally measure mature avocado 
fruit abscission. One study that examined abscission of mature 
fruit reported that it did not occur in monitored fruit samples 
(Adato and Gazit, 1977). 
That immature fruit abscission declined at the same time that 
abscission of mature fruit of the preceding year’s crop began to 
increase suggests that the cause of abscission differed with fruit 
maturity. Regression analyses between the abscission of ﬂow­
ers and fruit and the yield of the preceding year’s crop were 
weak or insigniﬁcant. Similar results were found by Lahav and 
Zamet (1975). Also, there were no signiﬁcant relationships 
between the biomass or number of abscised ﬂowers and 
immature fruit and the biomass or number of abscised mature 
fruit of the preceding year’s crop. These ﬁndings indicate that 
abscission of immature and mature fruit were independently 
controlled and were not simply the result of an undiscriminating 
abscission factor, competition for resources, or alternate bear­
ing. Furthermore, immature fruit might actively export a 
substance that ultimately results in mature fruit abscission. 
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Fig. 4. The relationship between immature avocado fruit abscission and abscission of mature fruit of the preceding 
year’s crop during (A) the off-crop year and (B) the on-crop year. 
Such a mechanism would decrease resource competition for the 
developing crop and increase dispersal of late-hanging mature 
fruit. 
Previous research has demonstrated that environmental 
conditions can affect ﬂower and fruit abscission. Although 
minimum air temperatures during ﬂowering were low enough 
(<12 �C) to inhibit pollen tube growth (Sedgley, 1977; Sedgley 
and Annells, 1981) and ovule viability (Sedgley and Annells, 
1981), they were consistently so, and were not associated with 
signiﬁcant changes in ﬂower drop during either year. A daily 
maximum air temperature greater than 33 �C is required to 
cause heat stress sufﬁcient to result in fruit abscission (Lomas, 
1988). This air temperature was not 
reached during the course of this 
research. Furthermore, severe wind 
and precipitation events and water 
stress were not observed during the 
study period. Therefore, environ­
mental conditions were relatively 
consistent during the 3 years of this 
research and likely never reached 
the extremes necessary to inﬂuence 
the pattern of ﬂower and immature 
fruit abscission. 
There were no signiﬁcant rela­
tionships between leaf nutrient con­
centrations and the number of 
abscised ﬂowers and fruit. Leaf 
nutrient values had low levels of 
variation and were typically within 
recommended ranges (Reuter and 
Robinson, 1986), and the trees were 
not subject to salt stress. It is 
unlikely that alternate bearing ob­
served in this study was the result 
of nutrient deﬁciency. A signiﬁcant 
relationship might exist between 
sub- or superoptimal nutrient 
concentrations and ﬂower and fruit 
abscission, but these conditions 
were not detected during this 
research. Additionally, relation­
ships between ﬂower or fruit 
abscission and leaf nutrient con­
centrations could be spatially or 
temporally isolated and therefore, 
not detectable in August or Septem­
ber, the standard time in California 
for collecting leaves for nutrient 
analyses. Because environmental 
conditions and nutritional deﬁcien­
cies previously found to be associ­
ated with abscission were not 
present in this orchard during the 
research period, the physiological 
effects of alternate bearing on 
ﬂower and fruit abscission of ‘Hass’ 
avocado were not confounded. 
Thus, it was uniquely possible to 
determine the effect of crop status 
on the abscission of reproductive 
structures. 
The percentage of ﬂowers that produced mature harvested 
fruit was not signiﬁcantly different between the off- and on-
crop years, indicating that fruit set was dependent largely on the 
initial number of ﬂowers. If yields were solely the product of 
resource availability, percentage fruit set would be higher 
during off-crop years when source competition between fruit 
is limited. Notably, percentage fruit set was numerically lower 
during off- than on-crop years, although this difference was not 
statistically signiﬁcant. Furthermore, at any given time, 
abscised immature fruit were similar in size, regardless of the 
number of fruit developing. Regressions between the number of 
harvested fruit and that of abscised reproductive structures from 
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the same crop year often resulted in positive signiﬁcant 
relationships, again indicating that the more ﬂowers on the 
tree, the greater the amount of material abscised per tree, but 
also the greater the yield. This is consistent with the idea that 
yield is not solely resource-limited, but is instead based on 
physiological processes that, within limits, control abscission 
regardless of the off- or on-crop status of the tree. Taken 
together, these results indicate that alternate bearing is neither 
the result of nor cause of ﬂower or fruit abscission. 
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